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1
SLIDING DEVICE INCLUDING SLIDING
BEARING

TECHNICAL FIELD

This invention relates to a sliding device in which a shaft is
in slidable contact with a bearing in the presence of lubricat-
ing oil.

BACKGROUND ART

A sliding device has been frequently used under high load
and durability-requiring circumstances, such as a condition
where a crankshaft of an automotive reciprocating engine is
operated. Since it is possible to improve the work efficiency of
the whole sliding device by reducing a sliding resistance, a
variety of efforts has been hitherto made for the purpose of
improving the work efficiency. In the sliding device where
sliding is made in the presence of a lubricating oil, a measure
for reducing the sliding resistance is to minimize a surface
roughness, which has been presently continuously carried
out. Recently, it has been possible to machine a surface so as
to obtain a very small surface roughness under development
of machining techniques.

For example, for the purpose of reducing a frictional force
and improving a wear resistance, it has been proposed to
minimize an average roughness along with change in surface
film and material, as disclosed in Japanese Patent Provisional
Publication No. 2004-28276 and 2004-138128. In the Publi-
cation No. 2004-138128, the surface roughness Ra is pro-
posed to be not larger than 0.03 micrometer.

In a sliding device where sliding is made in high load
circumstances, the material and hardness of one sliding sur-
face are different from those of an opposite sliding surface
from the viewpoint of obtaining a seizure resistance, in which
it is found that the surface roughness of the sliding surface
having a smaller hardness than the opposite sliding surface is
larger than that of the opposite surface.

For example, in a crankshaft of an automotive reciprocat-
ing engine, a shaft is made of a carbon steel and machined to
have a surface roughness Ra of 0.1 to 0.03 micrometer, while
a bushing has a bushing metal made from metal such as
bismuth, tin, silver, lead, nickel and/or like, alloy made from
aluminum, tin, lead, copper and/or nickel, or polymer, the
bushing metal having a relatively large initial surface rough-
ness Ra of about 0.3 to 0.4 micrometer. In another hand, the
choice of Rahas been used rather than Rq because ofits larger
use in the industry. In this case, adaptation of the bushing
metal progresses during operation of the bushing metal, so
that flattening of the bushing metal is made to a certain extent.
In many cases, an effort to minimize the surface roughness of
the shaft is made to reduce a frictional resistance; however, a
consideration has hardly been made on the surface roughness
of'the side of the bushing. In spite of such a situation, a certain
sliding resistance lowering effect has been able to be
obtained. This is assumed to result from the fact that adapta-
tion or running-in (meaning that the surface roughness of a
contacting section becomes small owing to an initial sliding)
of'the above-mentioned bushing metal having a smaller hard-
ness progresses even if the roughness of the bushing metal is
larger.

DISCLOSURE OF INVENTION

In view of the above situation, the present inventors have
conducted detailed investigations on the relationship between
the surface roughness of a shaft and the friction torque of a
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sliding device, for many sliding devices each of which
includes a combination of a relatively hard material of the
shaft and a relatively soft material of the sliding bushing. As
aresult of the investigations, it has been found that the friction
torque cannot be lowered and rather be raised even if the
surface roughness of the shaft is decreased to obtain a
smoother surface, in case that the surface roughness of the
shaft is sufficiently minimized. This is depicted in FIG. 1
showing the relationship between the surface roughness of
the shaft and the friction torque measured.

Then, the present inventors have conducted further inves-
tigations on the above evaluation results. As a result of the
investigations, the following facts have been ascertained: It is
general that conventional soft bushing metals can readily
make its adaptation or running-in so that the surface of the
bushing metals is smoothened. However, in case that the hard
sliding surface of the shaft is machined to be sufficiently
smoothened so that its surface roughness is smaller than a
certain special roughness, the adaptation of an opposite mate-
rial is remarkably retarded, or otherwise a phenomena where
no adaptation is made is observed. From the above, the above
phenomena that the friction torque is not lowered results from
the fact that sliding is made in a condition where the surface
roughness of the bushing is maintained large.

On the basis of the above evaluation results, a tendency of
the frictional torque relative to a root mean square composite
roughness for the shaft and the bushing has been investigated.
As a result of this investigation, it has been ascertained that
the frictional torque tends to lower as the composite rough-
ness for the both sliding surfaces of the shaft and the bushing
decreases, as shown in FIG. 2 in which the relationship
between the composite roughness and the friction torque
measured is shown. The composite roughness is represented

by

Rq=V(Rq(s)*+Rq(b)? [Math. 1]

where Rq(s) and Rq(b) indicate respectively the surface
roughness of the shaft and the surface roughness of the bush-
ing. Inthe measurement, the shaft is rotated at 2000 r.p.m. and
at 600 r.p.m. Thus, it has been ascertained that under a con-
dition where the surface roughness of the shaft is very small,
the surface roughness of the shaft having a relatively large
surface roughness highly affects the friction torque in the
whole system of the sliding device including the sliding bush-
ing. Therefore, smoothening only the surface of the relatively
hard shaft is not suitable as a measure of lowering the sliding
resistance.

Inview of the above, the present inventors have found such
a peculiar phenomena that a friction torque increases if the
surface roughness of the shaft is decreased below a certain
value, as a result of experiments in which the friction torque
is measured upon changing the surface roughness to decrease
in order to lower the sliding resistance of the sliding device.

Furthermore, it has become apparent that the surface
roughness (arithmetical means roughness) Ra of the shaft that
causes such a peculiar phenomena is not larger than 0.05
micrometer. With such a surface roughness, it is nearly com-
mon that the adaptation or running-in of the softer bushing
(opposite member) cannot progress without exception, so that
the surface roughness of the bushing is kept at its initial state.

On the basis of such knowledge, it is confirmed that the
sliding resistance of the sliding device including the sliding
bushing can be sharply lowered by setting the surface rough-
ness of the shaft and the sliding bushing in conformity with
the hardness of the shaft and the hardness of the sliding
bushing. This leads to the principle of the present invention.
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Therefore, it is an object of the present invention to provide
an improved sliding device which can effectively overcome
the above-discussed drawbacks encountered in conventional
techniques.

Another object of the present invention is to provide an
improved sliding device in which a shaft is in slidable contact
with a sliding bushing in the presence of a lubricant, the
sliding device including a special combination of a sliding
surface of the shaft and a sliding surface of the bushing,
thereby exhibiting a sliding resistance lowering effect in con-
formity with a surface roughness of the sliding surface of the
shaft which is harder than the sliding surface of the bushing,
even in case that the surface roughness of the sliding surface
of the shaft is very small.

According to the present invention, a sliding device com-
prises a sliding bearing (or a sliding bushing), and a shaft
which is rotatable and in slidable contact with the sliding
bearing in presence of a lubricating oil. The sliding bearing
has a surface hardness smaller than a surface hardness of the
shaft.

Additionally, the sliding bearing has a surface roughness
Ra of not larger than 0.2 micrometer, and the shaft has a
surface roughness of not larger than 0.05 micrometer.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a graph showing the relationship between the
surface roughness of a shaft and the measured friction torque,
obtained upon investigation conducted by the present inven-
tors in connection with the present invention.

FIG. 2 is a graph showing the relationship between the
composite roughness for a shaft and a sliding bearing and the
measured friction torque, obtained upon investigation of the
present inventors in connection with the present invention.

FIG. 3 is a graph showing the relationship between the
measured friction torque and the combination of the surface
roughness of a shaft and the surface roughness of a bearing.

FIG. 4 is a schematic sectional view of an embodiment of
a sliding device according to the present invention.

BEST MODE FOR CARRYING OUT THE
INVENTION

According to the present invention, a sliding device 10
comprises a sliding bearing (or sliding bushing) 12, and a
shaft 14 which is rotatable and in slidable contact with the
sliding bearing in presence of a lubricating 0il 16, as shown in
FIG. 4. The sliding bearing has a surface hardness smaller
than a surface hardness of the shaft. The sliding bearing has a
surface roughness (arithmetical means roughness) Ra of not
larger than 0.2 micrometer, and the shaft has a surface rough-
ness of not larger than 0.05 micrometer. The arithmetical
mean roughness is according to JIS (Japanese Industrial Stan-
dard) B 0601 or ISO 4287.

Preferably, the bearing 12 includes a bearing metal (or
bushing metal) 18 in slidable contact with the shaft in pres-
ence of the lubricating 01116, as shown in FIG. 4. The bushing
metal has a surface roughness Ra smaller than 0.1 microme-
ter.

Additionally, according to another embodiment, the bush-
ing metal is formed at its surface with fine depressions such as
grooves or pockets (pits) for retaining the lubricating oil,
leaving a flat surface section which is slidable contact with the
shaft. The flat surface section has a surface roughness Ra of
not larger than 0.2 micrometer.

Further, according to another embodiment, the shaft is
formed of cast iron or carbon steel.
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Furthermore, the shaft is preferably formed at its surface
with fine depressions such as grooves or pockets (pits) for
retaining the lubricating oil. Under a condition where an
excessive load is applied to the sliding bearing or in case that
the supply amount of lubricating oil temporarily decreases
during sliding of the sliding bearing, a friction reduction
effect can be further increased while avoiding the risk of
seizure.

Moreover, a carbon thin film having a hydrogen content of
preferably less than 4.5 atomic % (more preferably not more
than 1 atomic %) is formed on a surface of at least one of the
sliding bearing and the shaft. In case of low hydrogen content,
the above effect of the fine pits formed at the surface of the
shaft cannot be impeded and can be rather increased.

The principle of the present invention may be preferably
applied to a sliding device including a main journal bushing
of a reciprocating internal combustion engine, a bearing of a
connecting rod, a bearing for a piston pin, or a bearing for a
journal of a camshaft, thereby exhibiting a particularly high
advantageous effect.

EXAMPLES

The present invention will be more readily understood with
reference to the following Examples in comparison with
Comparative Examples; however, these Examples are
intended to illustrate the invention and are not to be construed
to limit the scope of the invention.

Comparative Example 1

An engine friction measuring test was conducted on an
internal combustion engine (four-cylinder inline engine hav-
ing a displacement of 2,500 cc) which used an engine oil
(having a viscosity SW-30) for a gasoline-fueled engine and
was driven by an electric motor.

The engine had a crankshaft having main journals rotatably
supported by main journal bushings and crank pins rotatably
supported by connecting rod half-bushings. Each main jour-
nal and each crank pin had a surface roughness (arithmetical
means roughness) Ra of 0.07 micrometer. Each main journal
bushing had a main journal bushing metal, while each con-
necting rod half-bushing had a connecting rod half-bushing
metal. Each main journal bushing metal and each connecting
rod half-bushing metal were formed with grooves for retain-
ing lubricating oil and were formed of an aluminum alloy.
Additionally, the each main journal bushing metal and each
connecting rod half-bushing metal had a surface roughness
Ra of 0.24 micrometer and a surface hardness (Vickers hard-
ness) of 95 Hv.

In the engine friction measuring test, a friction torque was
measured by a torque meter. As a result of the test, the mea-
sured torque was 2.5 Nm.

Comparative Example 2

An engine friction measuring test as same as in Compara-
tive Example 1 was conducted on the same internal combus-
tion engine as in Comparative Example 1 using the same
engine oil as in Comparative Example 1. In the engine, each
main journal and each crank pin had a surface roughness
(arithmetical means roughness) Ra of 0.05 micrometer. Each
main journal bushing metal and each connecting rod half-
bushing metal were formed of an aluminum alloy and had a
surface roughness Ra of 0.24 micrometer and a surface hard-
ness (Vickers hardness) of 95 Hv.
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In the engine friction measuring test, a friction torque was
measured by a torque meter. As a result of the test, the mea-
sured torque was 2.2 Nm, exhibiting a slight torque lowering
effect as compared with Comparative Example 1.

Comparative Example 3

An engine friction measuring test as same as in Compara-
tive Example 1 was conducted on the same internal combus-
tion engine as in Comparative Example 1 using the same
engine oil as in Comparative Example 1. In the engine, each
main journal and each crank pin had a surface roughness
(arithmetical means roughness) Ra of 0.04 micrometer. Each
main journal bushing metal and each connecting rod half-
bushing metal were formed of an aluminum alloy and had a
surface roughness Ra of 0.24 micrometer and a surface hard-
ness (Vickers hardness) of 95 Hv.

In the engine friction measuring test, a friction torque was
measured by a torque meter. As a result of the test, the mea-
sured torque was 2.4 Nm which was nearly equal to the torque
in Comparative Example 1 and higher than the torque in
Comparative Example 2.

Comparative Example 4

An engine friction measuring test as same as in Compara-
tive Example 1 was conducted on the same internal combus-
tion engine as in Comparative Example 1 using the same
engine oil as in Comparative Example 1. In the engine, each
main journal and each crank pin had a surface roughness
(arithmetical means roughness) Ra of 0.015 micrometer.
Each main journal bushing metal and each connecting rod
half-bushing metal were formed of an aluminum alloy and
had a surface roughness Ra of 0.24 micrometer and a surface
hardness (Vickers hardness) of 95 Hv.

In the engine friction measuring test, a friction torque was
measured by a torque meter. As a result of the test, the mea-
sured torque was 2.4 Nm which was equal to the torque in
Comparative Example 3.

Comparative Example 5

An engine friction measuring test as same as in Compara-
tive Example 1 was conducted on the same internal combus-
tion engine as in Comparative Example 1 using the same
engine oil as in Comparative Example 1. In the engine, each
main journal and each crank pin had a surface roughness
(arithmetical means roughness) Ra of 0.07 micrometer. Each
main journal bushing metal and each connecting rod half-
bushing metal were formed of an aluminum alloy and had a
surface roughness Ra of 0.15 micrometer and a surface hard-
ness (Vickers hardness) of 95 Hv.

In the engine friction measuring test, a friction torque was
measured by a torque meter. As a result of the test, the mea-
sured torque was 2.4 Nm which was nearly equal to the torque
in Comparative Example 1.

Example 1

An engine friction measuring test as same as in Compara-
tive Example 1 was conducted on the same internal combus-
tion engine as in Comparative Example 1 using the same
engine oil as in Comparative Example 1. In the engine, each
main journal and each crank pin had a surface roughness
(arithmetical means roughness) Ra of 0.04 micrometer. Each
main journal bushing metal and each connecting rod half-
bushing metal were formed of an aluminum alloy and had a
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surface roughness Ra of 0.15 micrometer and a surface hard-
ness (Vickers hardness) of 95 Hv.

In the engine friction measuring test, a friction torque was
measured by a torque meter. As a result of the test, the mea-
sured torque was 1.9 Nm, exhibiting a friction torque lower-
ing effect owing to decreasing the surface roughness of the
journals of the crankshaft, as compared with Comparative
Example 3.

Example 2

An engine friction measuring test as same as in Compara-
tive Example 1 was conducted on the same internal combus-
tion engine as in Comparative Example 1 using the same
engine oil as in Comparative Example 1. In the engine, each
main journal and each crank pin had a surface roughness
(arithmetical means roughness) Ra of 0.015 micrometer.
Each main journal bushing metal and each connecting rod
half-bushing metal were formed of an aluminum alloy and
had a surface roughness Ra of 0.15 micrometer and a surface
hardness (Vickers hardness) of 95 Hv.

In the engine friction measuring test, a friction torque was
measured by a torque meter. As a result of the test, the mea-
sured torque was 1.6 Nm, exhibiting a further friction torque
lowering effect as compared with Example 1 and a large
friction torque lowering effect over Comparative Example 4.

Example 3

An engine friction measuring test as same as in Compara-
tive Example 1 was conducted on the same internal combus-
tion engine as in Comparative Example 1 using the same
engine oil as in Comparative Example 1. In the engine, each
main journal and each crank pin had a surface roughness
(arithmetical means roughness) Ra of 0.015 micrometer.
Each main journal bushing metal and each connecting rod
half-bushing metal were formed of a lead alloy and had a
surface roughness Ra of 0.07 micrometer and a surface hard-
ness (Vickers hardness) of 40 Hv.

In the engine friction measuring test, a friction torque was
measured by a torque meter. As a result of the test, the mea-
sured torque was 1.3 Nm, exhibiting a further friction torque
lowering effect as compared with Example 2.

Example 4

An engine friction measuring test as same as in Compara-
tive Example 1 was conducted on the same internal combus-
tion engine as in Comparative Example 1 using the same
engine oil as in Comparative Example 1. In the engine, each
main journal or each crank pin had a surface roughness (arith-
metical means roughness) Ra of 0.015 micrometer. Each
main journal bushing metal and each connecting rod half-
bushing metal were formed of a bismuth alloy and had a
surface roughness Ra of 0.07 micrometer and a surface hard-
ness (Vickers hardness) of 45 Hv.

In the engine friction measuring test, a friction torque was
measured by a torque meter. As a result of the test, the mea-
sured torque was 1.3 Nm, exhibiting the same friction torque
lowering effect as Example 3.

Example 5

An engine friction measuring test as same as in Compara-
tive Example 1 was conducted on the same internal combus-
tion engine as in Comparative Example 1 using the same
engine oil as in Comparative Example 1. In the engine, each
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main journal and each crank pin were formed at its surface
with pits each of which had an average depth of 10 microme-
ters, an average width of 100 micrometers and an average
length of 300 micrometers. The total surface areas of the pits
occupy 5% of the whole surface area of each main journal or
each crank pin. Each main journal and each crank pin had a
surface roughness (arithmetical means roughness) Ra of
0.015 micrometer. Each main journal bushing metal and each
connecting rod half-bushing metal were formed of an alumi-
num alloy and had a surface roughness Ra of 0.07 micrometer
and a surface hardness (Vickers hardness) of 95 Hv.

In the engine friction measuring test, a friction torque was
measured by a torque meter. As a result of the test, the mea-
sured torque was 1.0 Nm, exhibiting a further friction torque
lowering effect as compared with Example 4. Additionally, a
time duration for causing seizure upon stopping supply of the
lubricating oil was measured for the engine of this Example
and of Comparative Example 4, in which 420 seconds were
required to cause the seizure in the engine of this Example
while 28 seconds were required to cause the seizure in the
engine of Comparative Example 4.

Example 6

An engine friction measuring test as same as in Compara-
tive Example 1 was conducted on the same internal combus-
tion engine as in Comparative Example 1 using the same
engine oil as in Comparative Example 1. In the engine, each
main journal and each crank pin had a surface roughness
(arithmetical means roughness) Ra of 0.015 micrometer. A
hard carbon (diamond-like carbon) thin film having a thick-
ness of 1 m and a hydrogen content of not more than 0.1
atomic % was formed on each main journal and each crank
pin by an arc ion plating process. Each main journal bushing
metal and each connecting rod half-bushing metal were
formed of an aluminum alloy and had a surface roughness Ra
01'0.07 micrometer and a surface hardness (Vickers hardness)
of 95 Hv.

In the engine friction measuring test, a friction torque was
measured by a torque meter. As a result of the test, the mea-
sured torque was 0.8 Nm, exhibiting a large friction torque
lowering effect as compared with Example 4.

Structural specifications of the shaft and the bearing and
experimental results of Comparative Examples 1 to 5 and
Examples 1 to 6 are shown in Table 1. Additionally, the
relationship between the measured friction torque and the
combination of the surface roughness of the shaft and the
surface roughness of the bearing is shown in FIG. 3, in con-
nection with Comparative Examples 1 to 5 and Examples 1 to

3.
TABLE 1
Surface Material and
roughness of Surface specification
crankshaft roughness of  of crankshaft  Friction
journal and bushing journal and torque
crank pin (um)  metal (um) crank pin (Nm)
Comparative 0.07 0.24 Carbon steel 2.5
example 1
Comparative 0.05 0.24 Carbon steel 2.2
example 2
Comparative 0.04 0.24 Carbon steel 2.4
example 3
Comparative 0.015 0.24 Carbon steel 2.4
example 4
Comparative 0.07 0.15 Carbon steel 2.4
example 5
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TABLE 1-continued

Surface Material and
roughness of Surface specification
crankshaft roughness of  of crankshaft  Friction
journal and bushing journal and torque
crank pin (um)  metal (um) crank pin (Nm)
Example 1 0.04 0.15 Carbon steel 1.9
Example 2 0.015 0.15 Carbon steel 1.6
Example 3 0.015 0.07 Carbon steel 1.3
Example 4 0.015 0.07 Carbon steel 1.3
Example 5 0.015 0.07 Carbon steel 1.0
plus fine pits
formed at
surface
Example 6 0.015 0.07 Carbon steel 0.8
plus DLC film
formed at
surface

Although the invention has been described above by refer-
ence to certain embodiments and examples of the invention,
the invention is not limited to the embodiments and examples
described above. Modifications and variations of the embodi-
ments and examples described above will occur to those
skilled in the art, in light of the above teachings. The scope of
the invention is defined with reference to the following
claims.

The invention claimed is:

1. A sliding device comprising:

a sliding bearing having a bushing member; and

a shaft which is rotatable relative to the bushing member of

the sliding bearing, the shaft having a metal surface in
slidable contact with a metal surface of the bushing
member of the sliding bearing in the presence of a lubri-
cating oil,

wherein the metal surface of the bushing member of the

sliding bearing has a surface hardness smaller than a
surface hardness of the metal surface of the shaft, and
wherein the metal surface of the bushing member of the
sliding bearing has a surface roughness Ra 0 0.07t0 0.2
micrometer, and the metal surface of the shaft has a
surface roughness Ra of not larger than 0.05 micrometer.

2. A sliding device as claimed in claim 1, wherein the metal
surface of the bushing member has a surface roughness Ra of
0.07 to 0.1 micrometer.

3. A sliding device as claimed in claim 1, wherein the metal
surface of the bushing member is formed with fine depres-
sions, leaving a flat surface section in slidable contact with the
metal surface of the shaft, the flat surface section having a
surface roughness Ra of 0.07 to 0.2 micrometer.

4. A sliding device as claimed in claim 1, wherein the shaft
is formed of one of cast iron and carbon steel.

5. A sliding device as claimed in claim 1, wherein the shaft
is formed at its surface with fine depressions for retaining
lubricating oil.

6. A sliding device as claimed in claim 1, wherein the
sliding bearing is made of an aluminum alloy in a form
selected from the group consisting of a main journal bushing
of a reciprocating engine, a bearing of a crank pin, a bearing
for a piston pin, and a bearing for a journal of a camshaft.

7. A sliding device as claimed in claim 1, wherein the
bushing member is a bearing metal with finishing directly on
a surface thereof.

8. A sliding device as claimed in claim 1, wherein the
sliding device is applied on a moto-propulsor group.

9. A sliding device as claimed in claim 1, wherein the
surface roughness Ra of the metal surface of the bushing
member of the sliding bearing is 0.07 to 0.15 micrometer.
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10. The sliding device as claimed in claim 1, wherein the
metal surface of the bushing member has a surface hardness
between 40-95 Hv and which is smaller than a surface hard-
ness of the metal surface of the shaft.

11. The sliding device as claimed in claim 1, wherein the
bushing member comprises two semicircular half-bushings
that are symmetrically opposed to each other.

12. The sliding device as claimed in claim 1, wherein the
surface roughness Ra of the metal surface of the bushing
member is 0.15 to 0.2 micrometer.

13. The sliding device as claimed in claim 1, wherein the
metal surface of the bushing member has a surface hardness
between 40-45 Hv and which is smaller than a surface hard-
ness of the metal surface of the shaft.

14. The sliding device as claimed in claim 1, wherein the
metal surface of the shaft has a surface roughness Ra of
between 0.015 and 0.05 micrometer.

15. A sliding device comprising:

a sliding bearing having a bushing member; and

a shaft which is rotatable relative to the bushing member of

the sliding bearing, the shaft having an uncoated surface
in slidable contact with an uncoated surface of the bush-
ing member of the sliding bearing in the presence of a
lubricating oil,

wherein the uncoated surface of the bushing member of the

sliding bearing has a surface hardness smaller than a
surface hardness of the uncoated surface of the shaft,
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wherein the uncoated surface of the bushing member of the
sliding bearing has a surface roughness Ra 0 0.07t0 0.2
micrometer, and the uncoated surface of the shaft has a
surface roughness Ra of not larger than 0.05 micrometer.

16. A sliding device as claimed in claim 15, wherein the
shaft comprises one of uncoated cast iron and uncoated car-
bon steel.

17. A sliding device as claimed in claim 16, wherein the
shaft consists of one of uncoated cast iron and uncoated
carbon steel.

18. A sliding device as claimed in claim 15, wherein the
sliding bearing consists of an uncoated aluminum alloy in a
form selected from the group consisting of a main journal
bushing of a reciprocating engine, a bearing of a crank pin, a
bearing for a piston pin, and a bearing for a journal of a
camshaft.

19. The sliding device as claimed in claim 15, wherein the
uncoated surface of the bushing member has a surface hard-
ness between 40-45 Hv and which is smaller than a surface
hardness of the uncoated surface of the shaft.

20. The sliding device as claimed in claim 15, wherein the
uncoated surface of the shaft has a surface roughness Ra of
between 0.015 and 0.05 micrometer.
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